Bactericidal activity of some arginine based biodegradable polymers-PEURs (poly (ester urethane)s) and PEUs (poly (ester urea)s) with low cytotoxicity was studied in in vitro experiments. Various bacterial strains both Gram-positive and Gram-negative were used to explore the bactericidal activity of the cationic polymers. As the test objects, the following microorganisms were used: Bacillus subtilis, Staphylococcus aureus, Mycobacterium album, Pseudomonas fluorescens, Escherichia coli, Actinomyces griseus and Aspergillus niger. The obtained results showed that the new cationic polymers suppressed the growth of the studied microorganisms and the bactericidal activity of the tested cationic polymers strongly depending on their chemical structure.
Introduction 
The development of synthetic antimicrobial agents is an emerging need due to antibiotic resistance of bacteria causing fatal infectious diseases, which significantly threaten public health in global regions. According to statistics, the number of resistant microbial strains as well as that of antibiotic-immune patients grows a lot faster than the number of useable antibiotics [1] [2] [3] [4] that make microbial infections the number one killer in the world. The resistance of bacteria was found initially in hospitals, however, the drug-resistant strains rapidly spread to other public places and communities across countries, and infectious diseases are becoming increasingly less treatable with conventional antibiotics. Hence, new antimicrobial agents are urgently needed, which requires new design concepts and approaches to combat drug resistant bacteria.
Considering the wide use of agents as drugs and in consumer products, it would be ideal to create antimicrobials that can meet the following criteria: selective toxicity to bacteria vs. human cells and low susceptibility to the development of resistance in bacteria.
One of the most promising tools in a battle against bacteria is OC (organic cations). Starting from the 1980s three classes of OC have become the most important as bactericidal agents:
 naturally occurring peptides and their analogs；  low-molecular-weight non-peptide organic molecule；  bactericidal polymers.
AMPs (Antimicrobial peptides), found in all classes of living organisms, represent a large and unique group of molecules with a broad spectrum of antimicrobial, antifungal, and antiviral activity and are an important part of the innate immune system [5] .
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AMPs normally composed of 12-50 amino acids, are enriched by cationic α-amino acids such as arginine (containing guanidine group), lysine or histidine. In spite of many hopes an idea of commercialization of bactericidal peptides turned out less promising due to a high price and instability against enzymes. More promising from commercial point of view look cheaper and stable synthetic analogs [6] . Many representatives of the second class of organic bactericides also contain guanidine group. Among these compounds one of the most known and widely used is chlorohexidine (as bis-gluconate salt) [7] . Following to the successful applications of chlorohexidine a family of substituted guanidines with a wide range of properties was obtained and studied during the last two decades [8, 9] . Nevertheless, it should be noted here that low-molecular-weight antimicrobials have one common limitation which consists in short-term antimicrobial ability. In contrast to low-molecular-weight analogs bactericidal polymers are characterized by prolonged action, as well as higher antimicrobial ability due to a high local concentration of the active groups. The highly charged cationic molecule was shown to permeates the outer membrane and partly depolarizes the inner one. Moreover, it has been demonstrated that cationic molecule is distributed widely in the bacterial cell at lethal concentrations, and could bind to DNA. It was confirmed that the multimodal action of the cationic molecule resulted in it being less likely to lead to resistance development as compared to single-target antibiotics [10] . Presumably, this type of bactericidal mechanism is valid for other organic molecules, especially for highly charged cationic polymers. Similar to the above low-molecular-weight bactericides, PBs (polymeric bactericides) containing guanidine group are one of the most promising for therapeutic applications. The first polymer that became a commercial disinfectant was poly (hexamethylene biguanidinium hydrochloride) [11] . Various guanidine/biguanidine-group containing PBs such as the corresponding polyacrylates and polymethacrylates were reported as well [12] .
It is worthy note here that guanidine-group containing antimicrobials were found to be significantly less toxic compared to the ammonium functionality, especially quaternary ammonium functionality (that exists e.g. in poly (ethylene imine) and its derivatives) that was ascribed to a high delocalization of positive charge in guanidine compared to the ammonium functionality [13] . It is also important to have biodegradable PBs that will be cleared from or assimilated by the body after their function is fulfilled. Hence, synthetic polymers composed of amino acid arginine, which contains guanidine group as a lateral substituent and represents a normal metabolic component of vital activity, are of special interest as bactericides. A high water-solubility of PBs is also very important for their practical applications.
Very recently the authors have reported on the synthesis of a family of arginine-based cationic ester-ether polymers [14] which meet all these requirements. The backbones of these polymers contain ester bonds that provide biodegradability and ether bonds that impart a poly (ethylene glycol)-like structure and, accordingly, better water solubility. The polymers of various classes-PEAs (poly (ester amide)s), PEEAs (poly (ester ether amide)s), PEURs (poly (ester urethane)s), PEEURs (poly (ester ether urethane)s), PEUs (poly (ester urea)s), and PEEUs (poly (ester ether urea)s) were obtained by solution active polycondensation of tetra-p-toluenesulfonic acid salts of bis-(L-arginine)-alkylene diesters with activated diesters of various classes. The structures of the new cationic polymers are depicted in Fig. 1 .
The new cationic polymers showed good solubility in wáter and biodegradability along with excellent cell compatibility. The present paper deals with bactericidal activity study of the some selected samples of the new arginine-based cationic polymers [14] . 
Materials and Methods
The seven arginine-based polymers selected for studying bactericidal activity spanned several classes and were: 1-Arg-2 and 1-Arg-3 (PEUs), EG-Arg-3 (PEUR), EG 2 -Arg-2, EG 2 -Arg-3, EG 2 -Arg-EG 2 , EG 2 -Arg-EG 4 (PEEURs). The polymers were synthesized and characterized as the authors reported previously [14] .
Both Gram-positive and Gram-negative microorganisms were used in the present study: Bacillus subtilis, Staphylococcus aureus, Mycobacterium album (Gram-positive), Escherichia coli, Pseudomonas fluorescens (Gram-negative), as well as Aspergillus niger and Actinomyces griseus.
The nutrient medium was prepared depending on the nature of test-microorganisms and method used. For bacteria Bacillus subtilis, Staphylococcus aureus, Mycobacterium album, Pseudomonas fluorescens, Escherichia coli the authors used the medium containing agar -Mycobacterium yeast extract medium (nutrient agar), also liquid medium (nutrient broth) from Sigma-Aldrich Chemie GmbH. For fungi Aspergillus niger the medium was prepared according to In Guide for investigations in microbiology and virology [15] , Agarinized nutrient medium (solid): one liter of sterilized wort was added to 18 g of agar and heated until complete dissolution of agar. The obtained medium was poured into sterilized test tubes or Petri dishes and sterilized at 110 o C for 10 min. For Actinomyces griseus the medium was prepared according to Krasilnikov's synthetic agarinized medium CP-1 [16] : KNO 3 -1 g, K 2 HPO 4 -0.5 g, : 1, 2-ethanediol, 1, 3-propanediol, 1, 6-hexanediol, 1,  12-dodecanediol, and di-, tri-and Activity of Arg-based polymers against different strains of bacterial species the authors performed using standard protocols of DDM (Disc Diffusion Method) [17] and serial dilution method [18, 19] . These methods were applied to establish the MIC (minimum inhibitory concentration) of the substance-the quantitative index of the microbiological activity of the AMP (antimicrobial preparation).
The standard biomass of the test-microorganisms, equivalent to 0.5 McFarland and diluted 100 times with MPB (meat-peptone broth), was used for inoculation.
The presumable amount of microorganisms there might be 10 6 colony-forming units (CFU/mL).
The experimental solution of the AMP was prepared from the stock-solution, using the MPB. The ultimate concentration of the stock-solution and permissible concentration of the minimal inhibiting dose for the tested strains should be taken into account. The incubation time: 24 h for bacteria, and 7 days for fungi and actinomycete.
The essence of the disc-diffused method used for the determination of sensitivity of the AMP is as follows: the suspension of the test-microorganisms (the standard biomass of the test-microorganisms, equivalent to 0.5 McFarland) is spread on the Petri dishes and sterilized standard discs (diameter 10mm, Sigma-Aldrich Chemie GmbH), containing the particular concentration of the AMP (0.001 mg/mL, 0.01 mg/mL, 0.1 mg/mL etc.), are placed on it. The distance between discs-15-20 mm. The AMP which diffused through the agar inhibited the microorganisms growth and zones of inhibition, surrounding the discs, were formed; the zones of inhibition were measured after 24 h of inoculation. Three runs for each concentration of the AMP were done, mean values were calculated and used for characterizing the diameter of the inhibition zone.
To assess the influence of the AMP at different stages of development of the test-microorganisms, their growth in a liquid medium was studied. The quantity of biomass formed was assessed by OD (optical density) at  = 500 nm using Photoelectrocolorimeter (PhEC-2-UkhL-4.2. Ru).
According to the obtained data (the zone of inhibition of AMP and MIC) the authors differentiated the polymers as having low, medium and high activity.
The microorganisms were divided into sensitive, moderately resistant and resistant forms. For corresponding the obtained data with NOCLS (National Committee for Clinical Laboratory Standards) [20] [21] [22] and to merge these three categories the so called bordering concentrations were used.
Results and Discussions
The authors have studied biocidal activity of two PEUs 1-Arg-2 and 1-Arg-3, one poly (ester urethane) EG-Arg-3 and four PEEURs EG 2 -Arg-2, EG 2 -Arg-3, EG 2 -Arg-EG 2 and EG 2 -Arg-EG 4 at concentrations 10 -1 mg/mL, 10 -2 mg/mL and 10 -3 mg/mL. Seven test-microorganisms were used in this biocidal activity study.
The obtained results are listed in Table 1 . The PEUs 1-Arg-2 and 1-Arg-3 suppressed the growth of Aspergillus niger, Pseudomonas fluorescens and Staphilococcus aureus (Table 1 . # 5-7). With other microorganisms within the concentrations studied (10 -1 -10 -3 mg/mL) these polymers showed no activity.
The poly (ester urethane) EG-Arg-3 and PEEURs EG 2 -Arg-2 and EG 2 -Arg-EG 2 were active with only one microorganism-Actinomyces griseus: the first one at a concentrations 10 -1 mg/mL, the second one at 10 -1 mg/mL and 10 -2 mg/mL, and the third one at all the three concentrations-10 -1 mg/mL, 10 -2 mg/mL and 10 -3 mg/mL. The PEEURs EG 2 -Arg-3 and EG 2 -Arg-EG 4 showed wider spectrum of activity-they supressed the growth of the four microorganisms-Bacillus subtilis, Mycobacterium album, E. coli and Aspergillus niger, mostly at higher concentration (10 -1 mg/mL), at 
Concentration of cationic polymer, mg/mL 10 -1 10 -2 10 -3 10 -1 10 -2 10 -3 10 -1 10 -2 10 -3 10 -1 10 -2 10 -3 10 -1 10 -2 10 -3 10 -1 10 -2 10 -3 10 -1 10 -2 10 -3
Zone of suppression of the test-microorganisms (mm) the latter polymer showed ca. twice higher activity. Thus, the obtained results showed that all the tested polymers revealed a selective bactericidal activity.
To determine at which stage of the microorganisms' development the tested polymer exposed biocidal activity, bacteria growth was studied in liquid medium (nutrient broth). The poly (ether ester urethane) EG 2 -Arg-EG 4 was selected to study the influence on growth of the following microorganisms: Escherichia coli, Bacillus subtilis, Mycobacterium album. The biomass of the microorganisms was determined (by OD at  = 500 nm) every 2 h (in total 24 h) in both free nutrient medium (control) and medium containing toxicant-EG 2 -Arg-EG 4 (Figs. 2-4) .
Initially the character of the test-microorganisms growth in the free nutrient medium (control) during 24 h was studied ( Figs. 2-4, curves 1) . The microorganisms were found to have different stages of developmentthe logarithmic phase for Escherichia coli and Mycobacterium album lasted up to 18 h, whereas the logarithmic phase for Bacillus subtilis lasted up to 22 h. The obtained curves allowed to determine at which stage of development the test-cultures might be sensitive towards polycations.
The biocidal compound -EG 2 -Arg-EG 4 was added to the culture medium at a concentration 0.1 mg/mL. The obtained results are given in Figs. 2-4 (curves 2). The results showed that the inhibition of development of Escherichia coli by polycation EG 2 -Arg-EG 4 was not observed during 10 h (Fig. 2, curve 2) . Biocidal action of the compound was observed after 10 h and lasted for ca. 12 h, i.e. during the whole period (24 h) of cultivation.
The suppression of Bacillus subtilis growth by EG 2 -Arg-EG 4 was not observed during 10 h of cultivation ( Fig. 3, curve 2) , and the biocidal activity of EG 2 -Arg-EG 4 during next 8 h of cultivation of the microorganism was quite weak, whilst during the remaining period the development of culture was significantly low compared to the control test. The biocidal effect of EG 2 -Arg-EG 4 on the growth of Mycobacterium album was stronger compared to other experimental test-cultures ( Fig. 4, curve 2 ). Under the influence of the polycation the microorganism's development was not observed for the first 6 h; during the rest period growth of the microorganism was observed, however, it was significantly low than the development in the free medium. 
Conclusions
Biocidal activity of new cationic polymers: PEUs 1-Arg-2 and 1-Arg-3, poly (ester urethane) EG-Arg-3 and PEEURs EG 2 -Arg-2, EG 2 -Arg-3, EG 2 -Arg-EG 2 and EG 2 -Arg-EG 4 at concentrations 10 -1 mg/mL, 10 -2 mg/mL and 10 -3 mg/mL against seven test-microorganisms was studied.
The obtained results showed that the new cationic polymers suppressed the growth of the studied microorganisms, had a selective bactericidal activity and the bactericidal activity of the tested cationic polymers strongly depended on their chemical structure. The biocidal activity of polycation EG 2 -Arg-EG 4 towards Escherichia coli, Bacillus subtilis, and Mycobacterium album revealed mainly during logarithmic phase of development of the microorganisms.
Taking into account a high cytocompatibility of the studied cationic polymers, they can be considered as promising biocidal agents. Expanding the spectrum of biocidal activity can be achieved by mixing of the studied cationic polymers.
